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Attome/sDocket Number: 2002 JP309 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

' In re the application of: Yasushi Akiyama 

Serial No.: 10/518,105 Group ArtUnit: 1795 

Filed: December 10-, 2004- Examiner: Ghancerty N, Robinson 

for. -Process for preventing development defect arid composition foruse in the 
same. 

Commissioner for Patents 
P.O. Box. 1450 
Alexandria, VA 22313*1450 

DECLARATION UNDER 37 C. F. R. S 1.132 

I, Yasushi AKIYftMA. a Japanese citizen, residing in Kakegawa-shi, Japan, 
declare as follows: 

1 received a Bachelor of Science degree from Yokohama City University in 
March, 1999 and a Master of Science degree in organic chemistry from 
Yokohama City University in .March, 2DD1 J had .been employed by CJariant 
(Japan) K.K. ass research & deWlorirrierit engih^rfrfc<m' April, 2001 to Octobef; 
2004, and then, \ have been employed by A2 Electronic Materials (Japan) K.K. 
as a research .& .development .engineer .since October, 2004. I have been 
involved in research and- development work relating to photoresists and ancillary 
chemicals since 2001. 
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I have been named as an rnventoc cn.'at feast 2 US pending Patents, and 4 
" Japanese pending palerft applications. 1 am an applicant *h the afcove-mehttaned 
patent application and an inventor of the invention claimed therein. I am familiar 
with theTakano reference which, was. used In the rejection of the claims in the 
above application. 

The following experiments were performed by me or under my direction 
and control. 

EXPERIMENTAL REPfl ^T 

Test 

^Example 1 

1.0 parts by weight of polyacrylic acid (PAA) having weight average 
molecular weight of 3,000 as determined by polystyrene standards as a water- 
• soluble polymer, 1,65 parts by weight of peFfluoro-octylic acid (GyRrsCOGH) 
(PFOA) as an organic acid, 0.33 parts by weight of tetramethyiammonium 
hydroxide (TMAH) (equivalent ratio (mole) of organic acid and base is 1:0.9) as a 
base were mixed .up. Pure water was -added thereto to make the total amount 
1QO parts by weight Then, the sofufibn was solved homogeneously at room 
temperature, and filtered with a 0.1 um-fffler to obtain the composition for 
preventing development-defects. 

On the other hand, a positive-working photoresist comprising acetal type 
polymer manufactured by Clariant (Japan) K.K. (AZ DX3301 P, 'AZ is a 
. registered trade mark.) was.^ 

made by Tokyo Electron Co. (Mark 8). It was pre-bakedoh ia hot plate af QO't for : 
90 seconds to form a photoresist film of 480 nm in thickness on a silicon wafer. 
The film.thickness was measured.by filmthiekness measuring equipment SM300 
manufactured by PrometrtcCa. 
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Subsequently the above described composition for preventing development- 
detects was applied on the photoresist film by using the same spin coaler as the 
above, it was then pre-baked on a hot plate at 90°C for 60 seconds to form a film 
for preventing development-defects on a photoresist film of 450 A in thickness. 

Next, exposure to .light was .conducted by using KrF reduced, projection exposure 
equipment, FPA 3000-EX5, PEB was conducted on a hot plate at 110 a C for 60 
seconds. Using alkali developer, AZ 300MIF Developer (2.38 weight % 
letramethylammonTum hydroxide aqueous solution; 'AZ* is a registered trade 
mark.) as a developer, it was paddle-developed on the condition of 23°C for t 
minute, to obtain a resist pattern having 1:1 line and space width. And also the 
H\m -thickness after development was measured using the same equipment as 
one described above. The amount of film reduction in thickness was obtained by 
deducting the -film thickness after tlevelopnrent'from one before development 
The cross sectional form of the formed resist pattern was observed by Scanning 
Electronic Microscope (SEM). Observation result of the cross-sectional form of 
■ the Tesist pattern and 1he amount of fltm reduction fn thickness are shown in 1he 
Tabie-1 and Graph- 1 described below. 

Examples 2 1o-6 

The same -manner was taken as in Examp!e-1 except that the equivalent 
(mote)- ratios of base were made as described in Table-1. The results are shown 
In Tabled and-Grapivt Petow. 

Example 1 and 2 in the presentspedficatfon 

The condition and manner were same as described in Example-1-exeept that 
the equivalent (mole) ratios of base were made as described in Table-1. The 
results are shown in Table-1 and Graph-1 betow. 



PAGE 10/16 ' RCVD AT 10/12/2009 2:51 :25 PM [Eastern Daylight Time) ■ SVR:USPTO€FXRF-5/43 * DFOS:2738300 ' CSID:90W293650 1 DURATION (mm-ss):02-28 



10/12/2009 14:51 9084293650 AZ ELEC MAT USA CORP PAGE 11/16 



Table-1. PAAfPotvmerV TMAWbas&V PFOAfo rirt) 





Add . 


Base 


Keauction amount 
in film thickness (A) 


Pattern Profile 


Example 1 


1 • 


0.9 


171 


T-top ^corrected from 
previous Declaration! 


Example 2 . 




1 . 


210 


almost rectangular 


Example 3 




-1.3 


344 


tectarigular 


Example 4 




1.4 


401 


risfefehgular 


Example 5 




1.5 


458 


almost rectangular 


Example 6 




2 


510 


almost rectangular 


• Example 1 in 
the specification 




1.04 


230 ; 


almost rectangular 


Example 2 in 

the specification 




1.25 


329 


rectangular 



600 




0 



0.5 1 1.5 2 25 

ratio of base to acid 

Graph-1. PA AfoolvmerV TMAHfbasel PFQAtocitfl 
Example 7 

1.0 parts by weight of polyacryllc acid having weight average molecular 
weight of 3,000 as determined by polystyrene standards as a water-soluble 
polymer, 1.8 parts by weight of perfluoio-octylicacid (C ? F 16 C00H) (PFOA) as an 
organic acid, 0.27 parts by weight of monoethanolamlne (WIEA) (equivalent ratio ' 
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(mole) of o/ganic acid and base is 1:1) as a base were mixed up. Pure water was 
added thereto to make the total amount 100 parts by weight Then, the solution 
was solved homogeneously at room, temperature, and filtered with, a 0.1 um-filter 
to obtain the composition for preventing development-defects. 

In the same manner as in above described Example 1, the silicon wafer on 
which- a - positive-working • chemically amplified photoresist was . applied was 
prepared. Then, coating above described composifion for preventing 
development-defects on the photoresist trim, exposure to light, PEB and 
development.were-corMlucted.in..tfte same,manner as in Example land a. pattern 
form of resist cross section was observed and the amount of reduction in film 
thickness was measured. The result Is shown in Tabte-2 and Grapb-2 described 
below. 



Examples 8 and 9 

The same manner was taken as .in Example .7 .except that the equivalent 
(mole) ratios of base were made as described in Tabfe-2. The results are shown 
in Table-2 and Graph-2 below. 



Tabte-2, PAAfpolvmer>. MEAft> gse>. PFOAterid) 





-Add 


-Base 


Reduction amount in 
film thickness (A) 


Pattern 
Profile 


Example 7 


1 


1 


102,8 


T-tOp 


Examples 


1 


2 


88.5 


T-top 


"Example '9 ' 


"1 


•3 


T4.8 


"T-top 
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,j2 0 Reduction amount In film thickness 

..£ .1.10 




Graph-2, PAAfpofvmerV M EAfbaseV PFOAtettim 



Example 10 (based on Example 1 of Takano JP 2002-00B514) 

1.0 parts by weight of Polyvinylpyrrolidone (PVP) having weight average 
molecular weight of 45000 as determined by polystyrene standards as a water- 
soluble polymer, 1 X parts by weight of perfluorooctanesulfonic acid (CaPjTSOaH) 
as an organic add, 0.22 parts by weight of monoethanolamine (MEA) (equivalent 
ratio (mote) of organic acid and base Is 1:1) as a base were, mixed, up.. Pure 
water was added Ihereto to makeihe total amount 1 00 parts-by Weight. Then, the 
solution was solved homogeneously at room temperature, and filtered with a 0.1 
pm-fflterto obtain the composition for preventing- development-defects. In the 
same manner as in above described Example 1, the silicon wafer on which a 
positive-working chemically amplified photoresist was applied was prepared. 
Then,- coating- *bove ; desenbedc^ 

on the photoresist film, exposure to light, PEB and development were conducted 
in the same manner as in Example 1 and a pattern form of resist cross section 
was observed and the amount of reduction'irt film thickness was measured. The 
• result- is-shown in •Tabte-3-«nd-Graph-3 described below. 

-Example 11 to 12 
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The same manner was taken as in Example to except that the equivalent 
(mole) ratios of base were made as described In Table-3. The results are shown 
in Table-3 and Graph-3 below. 



Tatte-3: PVPfPOIVhtert. MEWbaseV PFOSfoftirtt 





Acid 


Base 


Reduction amount in film 
thickness (A) 


Pattern Profile 


Example 10 


1 


1 


108.8 


T-top 


Example it 


1 


2 


98.5 


T-too 


Example 12 


1 


3 


97.5 


T-top 
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80 




05 



1.5 2 2.5 
' ratio of base to acid 



as 



^raph-3. P VPfpoivmert. MEAfbaseV PFOSfa cid) 



Results 

4n the present invention, -base is restricted to TMAH, increase of the film toss 
is achieved when the ratio of base to acid is farger man 1 , as shown in the above 
<3raph-l . Also, the data in Table-1 • show perfect or virtually perfect pattern profile 
(tedangular or almost rectangular). However, pattern .profile is poor (T-top) when 
ffie ratio of base to acid is smaller man 1 (Exampfe t J. 

•Table -1 shows, the -results- on tower-end -point of -1 six* and*atto of between 
1:1 and 1:1.3 from .^.specification. 
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When MEA Is selected for base, decrease of the film loss is observed in the 
case of the ratio of base to acid is larger than 1 , as stiown in the above t3raphs-2. 
The maximum film loss is achieved when the ratio of base to acid is 1 but the 
reduction- of tlfm -thickness is 102.8 A. Ttietlata- in Table- 2- shows that pattern 
profile is poor (T-top). Comparison between X3raph-1 andGraph-2 indicates that 
specific base (TMAH) is effective. 

Adopting the polymer, base and acid described In the prior art, mixing, ratio of 
the base to acid was adjusted/ As shown irrthe above Graphs, decrease of ihe 
film Joss is observed in. the case of the ratio of base to acid is larger than 1 . The 
maximum film loss is achieved when the ratio of base to acid is 1 but the 
reduction of film thickness is 108.8 A. increase of the film loss cannot be 
obtained by just adjusting mixing ratio of the base to acid when the ratio of base 
•to-acid-isiargerthan 1. Also. the data in Table- 3 -shows that" pattern profile is 
poor (T-top). 

Taking into consideration of these results and Examples in the specification, 
the present invention- canndt be anticipated from the prior art. 

i declare that all statements made herein of my own knowledge are true, and 
that ail statements mad©' on- information and belief are- beffeved to be true, and 
forther, that these statements were. made, with the- knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both 
(18 U.S.C. 10Q1) and that- such - willful -false statements may jeopardize the 
lalldity of the application or any .patent issuing thereon. 



8fi Oct ,jf2?_ A&y 

fckte) YasushJAkiyama 
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